Abstract: Introduction: Cholelithiasis and consumption of alcohol are the most frequent causes of acute pancreatitis (AP), accounting for about 30 to 40% of the cases, respectively. The frequency of acute biliary pancreatitis is high in a certain population in Brazil.
Introduction
Acute pancreatitis (AP) is an acute inflammation with local and systemic inflammatory changes. It is associated with high morbidity, about 25%, and overall mortality is between 2% and 8%. The three most common etiologies are biliary in 30-40% of cases, alcoholic in 30-40% of cases and idiopathic in 20-30% [1] [2] [3] [4] . Despite this, in our sample from the Hospital in Porto Alegre, Brazil we observed a much higher frequency of acute biliary pancreatitis (ABP) responsible for 77% of the cases and less of acute alcoholic pancreatitis (AAP), responsible for only 8% of the cases [5] . Other causes of pancreatitis include hypertriglyceridemia, hypercalcemia, trauma, drugs, surgical and endoscopic procedures, such as endoscopic retrograde cholangiopancreatography (ERCP), neoplasms, infectious diseases, autoimmune diseases, and genetic causes.
The advancement and the greater availability of diagnostic methods such as endoscopic ultrasonography (EUS) and nuclear magnetic resonance angiography (NMR), capable of diagnosing microcalcifications in bile duct not seen by abdominal ultrasound and the growing understanding of rare causes of pancreatitis as genetic and autoimmune diseases has led to the reduction of cases classified as idiopathic.
Objectives
The objective of this study, through a systematic review and meta-analysis of observational studies published between 2006 and 2017, is to update the frequencies of pancreatitis etiologies in a global and regional way, since knowledge of the epidemiology of the disease helps in the etiological diagnosis, a key issue in the management of the disease and the prevention of recurrence.
To estimate the global frequencies of ABP, AAP and the cases considered as acute idiopathic pancreatitis (AIP) in studies published from October 2006 to December 31, 2018 . Compare the frequencies of ABP, AAP, and AIP among studies by reviewing the medical records. Individual patients with appropriate diagnosis were analyzed using only the discharge codes for the etiologic diagnosis. To compare the frequencies of ABP, AAP, AIP according to the geographic region of the study population.
Primary Objective
To estimate the overall frequency of acute biliary pancreatitis, acute alcoholic pancreatitis and idiopathic acute pancreatitis in the observational studies from 2006 to 2017.
In studies with etiological diagnosis by a code of discharge, AIP was the most frequent with 37.9% of cases (95% CI 35.1 -40.8). In the studies that reviewed the patients' charts, ABP was the most frequent with 46% (95% CI 42.3 -49.8).
In the US AIP was the most frequent with 34.7% (95% CI 32.3 -37.2). In Latin America, the estimate of ABP was 68.5% (95% CI 57.8 -78.3). In Europe, Asia and in one Australian study, the most frequent etiology was ABP in 41.3% (95% CI 37.9 -44.7), 42% (95% CI 28.8 -55.8) and 40% (95% CI 36.8 -43.2), respectively. In South Africa, 1 article presented a frequency of 70.2% (95% CI 64.5 -75.4) for AAP.
Discussion

Epidemiology
AP is the most frequent disease of the pancreas [6] . The risk of developing AP progressively increases with age and proportion equal of men and women develop AP, and ABP is more common in women and men with AAP [7] .
It is estimated a 30% increase in the incidence of biliary pancreatitis (BP) in the last decade [8] [9] [10] . Although alcohol consumption explains this increase in some countries, in the United States, for example, alcohol consumption has been decreasing [11] [12] [13] . Probably the increase in incidence is secondary to the more frequent diagnosis, with a routine amylase dosage in the evaluation of patients with abdominal pain in the emergency, and cholelithiasis, also in elevation, given the epidemic of obesity and the aging of the population [14, 15] .
Physiology of the Exocrine Pancreas
The function of the exocrine pancreas is to produce digestive enzymes that cleave the proteins (trypsin, chymotrypsin), lipids (lipase) and carbohydrates (amylase) from the bolus. In addition to these enzymes, phospholipase A2 (which transforms bile lecithin into lysolecithin), elastases and ribonucleases are excreted. Amylase and lipase are released in its active form, proteolytic enzymesintracellular stored in zymogen granules -are released into the ductal system as proenzymes and duodenum by enterokinase.
The main mechanisms that prevent pancreatic autodigestion are the proteolytic enzymes in zymogen granules storage instead of free in the cytoplasm, secretion in inactive forms and the antiproteolytic enzymes contained in the pancreatic parenchyma [16] .
Pathogenesis of AP
AP is a process dependent on the early activation of inert zymogen granules inactive digestive enzymes, leading to autodigestion of the pancreatic parenchyma. In addition to acting in the pancreatic parenchyma, activated enzymes enter the bloodstream and are distributed to other tissues [17] .
The obstruction of the pancreatic duct, regardless of the mechanism, leads to blockage of pancreatic secretions, preventing exocytosis of zymogen granules coalesce to form intracellular lysosomes and autophagic vacuoles containing a mixture of lysosomal and digestive enzymes. The first enzyme is trypsin is activated and, from there, chymotrypsin, elastase, lipase, and phospholipase. The activation of trypsin is a consequence of the action of the lysosomal enzyme cathepsin B, which can convert trypsinogen to trypsin, initiating the activation of the cascade of digestive enzymes that cause autodigestion of the pancreatic and peripancreatic parenchyma. Studies demonstrate a lysosomal dysfunction and imbalance between trypsinogen activating cathepsin B isoform and the trypsin degrading cathepsin L isoform in AP [18] . The damage to the acinar cell, secondary to the autodigestive processes, stimulates the inflammatory response with infiltration of neutrophils and macrophages and release of tumor necrosis factor alpha, interleukins 1, 6 and 8 in the pancreatic parenchyma, causing alterations such as edema and lead to hemorrhage and necrosis in the parenchyma and its periphery. As a consequence of tissue damage, acinar cells release chemotactic substances from leukocytes, form free radicals and activate the complement system (C3a and C5a). Similarly, interleukin 1, 6 and 8 (IL 1, IL 6, IL 8), tumor necrosis factor (TNF -α), nitric oxide and platelet-activating factor (PAF) cause cytotoxicity, vascular instability, activation of systemic proteases, and amplification of the immune-inflammatory response (systemic inflammatory response syndrome), which may result in organ failure [19] .
Alcohol exerts a direct effect on the smaller pancreatic ducts and the acinar cells themselves. It predisposes the precipitation of secretions p ancreáticas and forming plugs protein within the pancreatic ducts increases the amount of digestive and lysosomal enzymes within the acinar cell and destabilizes the organelles that contain these enzymes, facilitating intracellular activation prem endures enzymes digestive diseases [20, 21] . Alcohol also exerts a toxic effect on the pancreatic star cells that are activated, its metabolites and the generated oxidative stress synthesize cytokines that contribute to the inflammatory process [22] .
The final step of the genesis duck is the activation of molecules and signaling pathways in the acinar cell by the stressing agents, and the signaling of intracellular calcium is the common final mechanism of injury to the acinar cell [23] .
Etiologies
Biliary Causes
It is the most common cause of pancreatitis, American and European studies show a frequency of around 35-40% and in the casuistry of the Hospital de Clínicas of Porto Alegre corresponds to 77% of the cases [2, 3] . There are independent risk factors for the diagnosis of ABP: female sex, age over 58 years, and alanine aminotransferase (ALT) above 150 U / L [24] .
Bile is composed of bile salts, biliary pigments, cholesterol, phospholipids, electrolytes, and water. About 75% of the bile produced by the liver is excreted in the intestine through the Vater papilla in the duodenum. The remainder is stored in the gallbladder where absorption of water and electrolytes occurs, concentrating the bile. Cholelithiasis develops when bile becomes supersaturated, with unbalance in the proportion of biliary acid or cholesterol leading to its precipitation in the form of microcrystals [25] .
The prevalence of cholelithiasis is about 10% of the world's adult population, but geography and ethnicity are important factors in the prevalence of gallstones. North American natives report cholelithiasis rates in 64% of women and 29.5% of men. Aboriginal populations in South America also have high rates of cholelithiasis in up to 49.4% of women and 12.6% of men. Mexicans have a higher prevalence of cholelithiasis compared to White Americans who have cholelithiasis in 16.6% of women and 8.6% of men. Intermediate prevalences appear in Asia and Black Americans (13.9% of women and 5.3% of men). Lower frequencies appear in Sub-Saharan Black Africa with less than 5% of the population with cholelithiasis [26] . Other risk factors for formation of gallstones include gender, family history, obesity, metabolic syndrome, diabetes mellitus, dyslipidemia, reduced physical activity, accelerated weight loss, medications like ceftriaxone, octreotide, thiazide diuretics female hormones, diet rich in carbohydrates, fatty acids and cholesterol, use of total parenteral nutrition and diseases such as Crohn's disease and cirrhosis. Although cholelithiasis is a common condition, only 3 to 7% of patients with cholelithiasis will develop ABP [27, 28] .
The ABP is caused by the migration of gallbladder stones to the common bile duct, or by choledocholithiasis if it is residual and has been proven by Acosta and Ledesma, who screened the stool of patients with suspected ABP, finding them in 94% of the cases.
The diagnosis of ABP is made through laboratory and imaging exams. A meta-analysis demonstrated that an ALT increase of at least 3x or more at baseline (up to 48h), has a positive predictive value for the diagnosis of ABP in 95% of cases [29] . Aspartate aminotransferase (ST) has a similar behavior. However, total bilirubin and alkaline phosphatase did not help in the diagnosis.
Abdominal ultrasound is the main imaging requested the evaluation of gallstone disease and must be requested in all patients with AP. It has a sensitivity and specificity of 95 and 99% in the detection of stones greater than 3 mm [30] . In cases where PAB remains suspected or in which other causes for BP have been excluded, endoscopic ultrasonography, which has greater sensitivity for the diagnosis of microcapsules (less than 5 mm), may be requested. A study showed that 2/3rd of patients previously diagnosed as idiopathic had biliary etiology confirmed after endoscopic ultrasonography [31, 32] .
Alcohol
It is considered the second most common cause of BP. There is evidence of a dose-response relationship between levels of alcohol consumption and the risk of BP, requiring prolonged alcohol consumption in an amount of 4 to 5 daily doses over a period of more than 5 years [33] [34] [35] . Episodes of excessive alcohol consumption alone have not been shown to increase the risk of pancreatitis [36] . The correlation between alcohol consumption and the incidence of acute pancreatitis due to alcohol, however, is not always consistent in the different populations [8, 12] . Some evidence show that the type of beverage could carry a different risk, suggesting a causal effect by the consumption of distilled drinks, but not in relation to the consumption of wine [37, 38] . The risk of AAP is higher in men than women, perhaps reflecting differences in consumption or genetic differences [39] . Even in patients with prolonged and excessive consumption of alcohol, present only 2-3% AAP [40] .
Surgical and Endoscopic Procedures
Surgical manipulations in the upper abdomen such as gastrectomies, duodenal ulcerorrhapies, papilloplasties or pancreatic biopsies may cause BP by direct trauma to the pancreatic parenchyma or by edema caused in the patella region after manipulation, leading to increased intraductal pressure.
Single-balloon and double-balloon enteroscopy are associated with hyperamylasemia in up to 17% of procedures, but the occurrence of pancreatitis does not exceed 1% [41] . Pancreatitis the tail is the complication which is more frequent after endoscopic retrograde cholangiopancreatography (ERCP). The risk factors for its occurrence include female gender, the presence of periampullary diverticulum, cannulation time greater than 10 minutes and papillary infiltration of the major papilla. Hyperamylasemia occurs in 35% to 70% of patients and BP in 3.5% of patients [42] . Oddi sphincter manometry procedures are associated with BP in 25% of cases. The routine using 100mg of indomethacin or diclofenac rectal route, immediately before or after ERCP is indicated routine and significantly reduces the risk of this complication [43] [44] [45] .
Hypertriglyceridemia
The mechanism by which hypertriglyceridemia causes pancreatitis is still uncertain [46] . It usually occurs in patients with genetic alterations in lipoprotein metabolism, such as familial hypertriglyceridemia and familial combined hyperlipidemia, which are associated with elevated serum triglyceride and have some secondary risk factors such as uncontrolled diabetes, alcoholism, use of medications or during pregnancy . The elevated triglycerides (TG) above 1000 mg / dl in patients with AP is considered diagnostic since the elevation above 500 mg / dl is considered a suspect in the absence of other factors identified [47, 48] . Although elevated levels of TG (> 1000 mg / dl) were associated with BP, a population study showed that after controlling for demographic and lifestyle factors, patients with more modest TG increases were at increased risk for BP [49] . Patients with chylomicronemia syndrome, a rare genetic alteration of lipoprotein metabolism, may present BP and spontaneously, in the absence of secondary risk factors [50] [51] [52] .
The risk of patients with severe hypertriglyceridemia (> 1000 mg / dL) to develop BP throughout life is 5%, however, in patients with values above 2000 mg/dl, the risk reaches 20% [51] .
Genetic Causes
Hereditary pancreatitis or familial BP is an autosomal dominant disease with a penetrance of 80%. In these patients, a mutation in the gene encoding cysteine trypsinogen (PRSS1) results in the formation of active trypsin that is resistant to degradation [53] . Family history is markedly positive, and most patients develop symptoms early, before the age of 20. It is associated with an increased risk for pancreatic neoplasm of 40 to 55% [54, 55] .
Other mutations include a mutation in the cystic fibrosis gene (CFTR) that is associated with hereditary pancreatitis of autosomal recessive pattern in addition to an increased risk for rhinosinusitis and male infertility, a mutation in the Kazal-type 1 serum protein (SPINK1) gene , which presents a low penetrance but can act as a facilitator and reduce the threshold for pancreatitis due to other causes and mutations in the chymotrypsin C (CTRC) gene that predispose to pancreatitis, reducing the protective activity of trypsin degradation [39, 56] . The diagnosis is made through sequencing of the PRSS1 genes, CFTR, SPINK 1 and CTRC [57, 58] .
Autoimmune pancreatitis
Autoimmune pancreatitis may be a rare cause of acute pancreatitis (<1%), its usual presentation is weight loss, jaundice, and increased pancreatic size, and differential diagnosis should be made with malignancy. There are 2 types of autoimmune pancreatitis. Type 1 usually presents with jaundice, is related to the increase of immunoglobulin G4 (IgG4) and has a systemic presentation reaching the pancreas, retroperitoneum, mediastinum, salivary glands or kidneys. The IgG4 is elevated with or without elevation of Total immunoglobulin [59] . A type 2 can present as acute pancreatitis in young patients, is not related to increased IgG4, is associated with inflammatory bowel disease and usually affects only the pancreas [60] . In autoimmune pancreatitis, the image examination can present 2 patterns: diffuse or focal. In the diffuse, the pancreas appears diffusely enlarged with the presence of a capsule or halo and a thin and irregular duct in the focal only a portion of the pancreas is affected; usually the head, being important the differential diagnosis with neoplasia [61, 62] .
Medications
Drugs appear to account for less than 5% of cases of BP 63 . Several causative mechanisms are proposed as immunological reactions, direct toxic effect, accumulation of toxic metabolite, ischemia, intravascular thrombosis and increase in the viscosity of pancreatic juice [63] . AP-related drugs are classified into 5 categories. [64] Class Ia: drugs that have a case report confirming recurrence of pancreatitis after reintroduction of the drug, excluding other causes of pancreatitis. Example: mesalazine , codeine, enalapril, isoniazid, metronidazole, pravastatin, simvastatin, sulfamethoxazole, tetracycline, valproic acid. [65] Class Ib: drugs that have a case report confirming recurrence of pancreatitis after reintroduction of the drug, but other causes of pancreatitis have not been reported. Ex .: methyldopa, amiodarone, azathioprine, clomiphene, dapsone, furosemide, hydrocortisone, losartan, omeprazole, pentamidine.
Class II: drugs that present a consistent latency period (between the onset of drug and development of pancreatitis) in 75% or more of reported cases. Ex .: paracetamol, tamoxifen, valproate, erythromycin.
Class III: drugs that had 2 or more published case reports, but without drug reintroduction or persistent latency period . Ex .: alendronate, captopril, carbamazepine, ceftriaxone, cimetidine, clarithromycin.
Class IV: similar to class III, but only 1 case report published. Ex .: ampicillin, diclofenac, ergotamine.
Hypercalcemia
Hypercalcemia is considered a rare cause of pancreatitis. The proposed pathophysiological mechanism would be the deposition of calcium in the pancreatic duct with trypsinogen activation by calcium in pancreatic parenchyma [66] . However, studies have demonstrated a similar frequency of pancreatitis among patients with primary hyperparathyroidism and controls [67, 68] . Recently, studies have demonstrated genetic variants in patients with hyperparathyroidism who presented pancreatitis, mainly associated with mutations in the CFTR gene and the SPINK1 gene [67, [69] [70] [71] .
Pancreas Divisum
Pancreas divisum is a common anatomical variant, where embryological aspects of the ventral and dorsal pancreas do not occur, causing two pancreatic drainage channels. Studies have shown that the pancreas divisum alone does not cause pancreatitis but is associated with mutations in the gene CFTR in 47% and in the SPINK1 gene in 16%, suggesting a cumulative effect [72, 73] .
Infections
Various microorganisms such as viruses, bacteria, fungi, and parasites can cause AP. Of the infectious causes, viruses are the most common pathogens, among which are associated with AP are Coxsackie viruses, cytomegalovirus, human immunodeficiency virus (HIV), Herpes Simplex virus, varicella zoster virus, among others. Among the hepatitis viruses, hepatitis B that is most often associated with pancreatitis, occurring in patients sterically tip for immunosuppression after transplantation. Patients with HIV have an incidence of BP of 40% higher than the population. AP can be caused by the direct effect of the virus or, more frequently, as a consequence of the antiretroviral therapy that induces hypertriglyceridemia and then causes AP [74] .
Ascaris lumbricoides is the most common parasite involved in AP that occurs by obstruction of the pancreatic duct by the parasite. Other parasites associated with AP are Clonorchis sinensis, Plasmodium falciparum, Taenia sp., Fasciola hepatica among others [75].
Trauma
It should be suspected in patients with a recent history of closed or penetrating abdominal trauma. The pancreas is difficult to achieve due to its retroperitoneal location, but in closed abdominal trauma of great energy, it is possible to contend with the pancreatic parenchyma and even its transection, especially at the point where it crosses the spine.
Vascular
The pancreatic ischemia can also be an acute pancreatitis mechanism [76] . It may be secondary to vasculitis, such as systemic lupus erythematosus and polyarteritis nodosa, atheroembolism (usually associated with vascular catheterization procedures) , prolonged hypotension and hypovolemic shock [77] [78] [79] .
Pancreatic Neoplasia
It can cause AP by a ductal obstructive effect. It should always be suspected in patients over 40 years old, constitutional symptoms, pancreatic focal changes or patients where it was not possible to identify the etiology of pancreatitis, classified as idiopathic (AIP). In these patients, carbohydrate antigen dosage 19-9 (CA 19-9) and computed tomography or abdominal nuclear resonance should be ordered.
Other Causes
Patients with celiac disease have a 3x augmented the risk of pancreatitis 40 in these cases, duodenal inflammation and papillary stenosis appear to be responsible for the disease mechanism [80] .
Oddi sphincter dysfunction is considered a possible cause of pancreatitis. In a randomized clinical trial including patients with recurrent idiopathic pancreatitis and manometry with sphincter dysfunction who were allocated for treatment with biliary sphincterotomy or biliary and pancreatic sphincterotomy, recurrence rates after treatment were 48.5% and 47.2 % respectively (CI 95%, -22.3 to 24.9, P 1.0 ) [81] . Although the treatment presented a similar response, the presence of manometry with dysfunction sphincter was an independent risk factor for recurrent AP.
Etiology Evaluation
The initial evaluation of the etiology of pancreatitis should begin with detailed anamnesis considering previous episodes of BP, history of biliary lithiasis, alcohol consumption, drugs, recent invasive procedures, known hyperlipidemia, family history of BP, physical examination, laboratory tests including liver enzymes, calcium and triglycerides, and abdominal ultrasonography.
In patients considered idiopathic, endoscopic ultrasonography is recommended as the first step in the investigation of microlithiasis, neoplasia, and chronic pancreatitis. If not, it is recommended to carry out magnetic nuclear resonance cholangiography with secretin stimulation to identify rare morphological changes. Computed tomography of the abdomen should also be performed. If the etiology remains unidentified, especially after a second idiopathic episode, genetic counseling should be considered [82] .
In a single episode of indeterminate AP in young patients (<35 years) and recurrent undetermined AP, a study demonstrated the presence of pathological variants in the CFTR, PRSS1, SPINK1 and CTRC genes in 47.8% of the cases. In this group of patients, early genetic testing should be performed. In patients with a mutation of the CFTR gene, one should consider screening for surgical fibrosis with a sweat test [83] .
When autoimmune pancreatitis is suspected after initial imaging, the presence of another identified etiology that may be responsible for the condition should be considered. If not, try to identify which subtype is likely, whether type 1 or type 2, according to the presence of involvement of other organs, serum IgG4 level and presence of concomitant inflammatory bowel disease. In cases where the diagnosis of the subtype is unclear, a thin-needle biopsy should be performed to exclude malignancy. Therapy with corticosteroids should only be performed after exclusion of this possibility [60] .
Recurrence
In a 20-year study, recurrent acute pancreatitis (RAP) occurred in 16.5% of the patients. The annual recurrence rate was 5.3%, 1.5%, 0.6%, and 1.9% respectively for patients with AP alcohol, biliary, idiopathic and hypertriglyceridemia [84] . The importance of determining the etiology lies in the treatment of the causal factor in order to avoid new episodes of the disease.
New episodes of ABP may be avoided with cholecystectomy as soon as possible, preferably in the same in hospitalization. In a meta-analysis, evaluating the safety of cholecystectomy after an episode of mild ABP, patients who were submitted to interval cholecystectomy (after 40 days) were readmitted to hospital in 18% of cases due to biliary events, with AP in 45%, acute cholecystitis in 18% and biliary colic in 37% [85] . Patients who underwent cholecystectomy at the same hospital did not present any recurrence.
Patients with AAP should be referred for continued follow-up outside the hospital environment with the objective of alcohol abstention. A randomized controlled trial demonstrated that the risk of recurrence after the first episode of AAP significantly reduced following counseling against alcohol consumption [86] .
Patients with BP due to hypertriglyceridemia should be advised about changes in lifestyle directed to weight loss, limiting consumption of fats and simple carbohydrates, alcohol abstention, and control of secondary risk factors such as diabetes control . Fibrates are the first -line drugs to treat hypertriglyceridemia [51] .
Patients with genetic causes should stop smoking and alcohol consumption to prevent progression to chronic pancreatitis and reduce the risk of neoplasia. The identified mutation cation can also help to select candidate patients for targeted therapies under investigation, as modulators of CFTR and calcium channel blockers for PRSS1 mutations still under study but with the potential to prevent and treat symptoms progression disease [86, 87] .
Corticosteroids are the first line of treatment for patients with active autoimmune pancreatitis presenting a response rate greater than 95%. After remission therapy, for 4 weeks, further imaging should be done to track response. Maintenance therapy may be considered in type 1 patients with a high recurrence risk such as involvement of the proximal biliary tract, diffuse pancreas enlargement, persistently increased levels of IgG4 after use of corticoids, delayed radiographic remission, and disease involving 2 or more organs. Patients of type 2 present a high risk of recurrence and are generally not indicated for maintenance therapy [51, 88, 89] .
Conclusions
The result of this meta-analysis confirms the expectation of the high frequency of ABP, especially in Latin America, which presents a distinct etiological profile, associated with the low frequency of AAP. The assessment diagnostic should be performed to exclude bile because, in the case of AP, starting with dosing transaminases (AST and ALT) and abdominal ultrasound. Often, depending on the limitations of the method, the sensitivity of abdominal ultrasound is reduced. In these cases it is important to consider repeating the ultrasound after clinical improvement and, if negative, endoscopic ultrasonography.
It is important to note that large population studies, despite their capacity to offer data and a very significant number of patients, seem to present less accurate results, an approximation of reality that must be interpreted with caution. In studies with medical records, the cases of BP that remain without etiological classification are around 16%, a proportion considered adequate, but the challenge remains to reduce these cases more and make possible the treatment of the cause decrease the cases of pancreatitis recurrent.
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